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ADAPTIVE VOLTAGE SCALING CIRCUIT
AND CHIP

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims priority to Chinese Patent Appli-
cation No. 201410259445.1, filed on Jun. 12, 2014, which 1s

hereby incorporated by reference 1n 1ts entirety.

TECHNICAL FIELD

Embodiments of the present invention relate to the field of
clectronic technologies, and more specifically, to an adaptive
voltage scaling circuit and a chip.

BACKGROUND

With the development of a chip manufacturing process
and improvement in design integration, a problem of chip
power consumption becomes an 1ssue that needs to be
solved urgently. Besides conventional technologies such as
clock gating for reducing the chip power consumption, an
adaptive voltage scaling (AVS, Adaptive Voltage Scaling)
technology draws much attention as a new eflective and
important low power consumption technology. Determining
a lowest working voltage of a chip 1s a core step for
implementing the AVS technology, where the lowest work-
ing voltage needs to guarantee security at the worst working
condition of a system. An actual working voltage of the chip
may be obtained by adding a proper voltage margin on a
basis of the lowest working voltage of the chip. In an AVS
system 1mplemented by using the foregoing method, an
actual working voltage of the AVS system may reduce to
85% of a working voltage 1n a condition 1n which the AVS
system 1s not used, and the power consumption may save up
to 30%.

However, when determining the lowest working voltage
of the chip, it 1s very diflicult to construct a reasonable test
vector, and 1t 1s often difficult to ensure that all the related
paths are covered. At present, a common practice in the
industry 1s using a design for test (Design For Test, DFT)
vector to perform a test, and then determine the lowest
working voltage of the chip. Then, comparison with an
actual measurement result 1s made, and a value of the lowest
working voltage 1s revised on this basis. The foregoing
method requires a great number of chips for test, a heavy
workload, and a time-consuming test procedure.

SUMMARY

Embodiments of the present invention provide an adap-
tive voltage scaling circuit and a chip, which may reduce test
workload.

According to a first aspect, an adaptive voltage scaling
circuit 1s provided, where the adaptive voltage scaling
circuit includes a performance classification monitor and an
adaptive controller, and the performance classification
monitor 1s disposed 1nside a chip, and 1s configured to detect
working performance of the chip at a current working
voltage, and output a detection result signal to the adaptive
controller; the adaptive controller 1s connected to the per-
formance classification monitor, and 1s configured to output
a control signal to a power management module of the chip
according to the detection result signal output by the per-
formance classification monitor, where the control signal 1s
used to control the power management module to adjust a
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working voltage of the chip; the performance classification
monitor mcludes a source signal generating circuit, a com-
parison reference circuit, at least one delay circuit, at least
one comparison branch circuit, and at least one comparison
detection circuit, where the source signal generating circuit
1s configured to provide a source signal for the performance
classification monitor, the comparison reference circuit 1s
configured to output a reference signal according to the
source signal, the at least one delay circuit 1s configured to
perform delay processing on the source signal to obtain a
delayed source signal, the at least one comparison branch
circuit 1s configured to output a comparison signal according
to the delayed source signal, and the at least one comparison
detection circuit 1s configured to output the detection result
signal according to the reference signal and the comparison
signal.

With reference to the first aspect, in a first implementation
manner of the first aspect, the adaptive controller includes a
configuration circuit and a control circuit, where the con-
figuration circuit 1s configured to generate a configuration
signal and output the configuration signal to the performance
classification monitor, where the configuration signal 1is
configured to set a delay chain of the performance classifi-
cation monitor; and the control circuit 1s configured to
output the control signal to the power management module
of the chip according to the detection result signal output by
the performance classification monitor.

With reference to the first aspect and the foregoing
implementation manner, 1n a second implementation manner
of the first aspect, the at least one delay circuit includes a
first delay circuit and a second delay circuit, the at least one
comparison branch circuit includes a first comparison
branch circuit and a second comparison branch circuit, and
the at least one comparison detection circuit includes a first
comparison detection circuit and a second comparison
detection circuit; an mput end of the source signal generat-
ing circuit, a first mput end of the comparison reference
circuit, and a first mput end of the first comparison branch
circuit, and a first input end of the second comparison branch
circuit separately receive a clock signal as a drive; the
configuration signal includes a first configuration signal and
a second configuration signal, where a first output end of the
configuration circuit 1s connected to a first mput end of the
first delay circuit and provides the first configuration signal,
and a second output end of the configuration circuit is
connected to a first input end of the second delay circuit and
provides the second configuration signal; an output end of
the source signal generating circuit 1s configured to provide
the source signal, and 1s separately connected to a second
input end of the comparison reference circuit, a second 1nput
end of the first delay circuit, and a second mput end of the
second delay circuit; an output end of the first delay circuit
1s connected to a second input end of the first comparison
branch circuit, and an output end of the second delay circuit
1s connected to a second mput end of the second comparison
branch circuit; an output end of the comparison reference
circuit 1s configured to provide the reference signal, and 1s
separately connected to a first input end of the first com-
parison detection circuit and a first imnput end of the second
comparison detection circuit, an output end of the first
comparison branch circuit 1s connected to a second mnput end
of the first comparison circuit, and an output end of the
second comparison branch circuit 1s connected to a second
input end of the second comparison detection circuit; and an
output end of the first comparison detection circuit and an
output end of the second comparison detection circuit are
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separately connected to an input end of the control circuit,
and are configured to provide the detection result signal.

With reference to the first aspect and the foregoing
implementation manners, 1n a third implementation manner
of the first aspect, the at least one delay circuit 1s a delay
circuit, the at least one comparison branch circuit 1s a
comparison branch circuit, and the at least one comparison
detection circuit 1s a comparison detection circuit; an 1put
end of the source signal generating circuit, a first input end
of the comparison reference circuit, and a first imnput end of
the comparison branch circuit separately receive a clock
signal as a drive; the configuration signal includes a first
configuration signal, and a first output end of the configu-
ration circuit 1s connected to a first input end of the delay
circuit and provides the first configuration signal; an output
end of the source signal generating circuit 1s configured to
provide the source signal, and 1s separately connected to a
second mput end of the comparison reference circuit and a
second 1nput end of the delay circuit; an output end of the
delay circuit 1s connected to a second input end of the
comparison branch circuit; an output end of the comparison
reference circuit 1s configured to provide the reference
signal, and 1s connected to a first input end of the comparison
detection circuit, and an output end of the comparison
branch circuit 1s connected to a second mput end of the
comparison detection circuit; and an output end of the
comparison detection circuit 1s connected to an input end of
the control circuit, and 1s configured to provide the detection
result signal.

With reference to the first aspect and the foregoing
implementation manners, 1n a fourth implementation man-
ner of the first aspect, there are multiple performance
classification monitors, and the performance classification
monitors are evenly disposed inside the chip.

With reference to the first aspect and the foregoing
implementation manners, 1n a {ifth implementation manner
of the first aspect, the comparison detection circuit includes
an exclusive OR gate logic circuit.

With reference to the first aspect and the foregoing
implementation manners, 1n a sixth implementation manner
of the first aspect, the source signal generating circuit
includes a tlip-tlop.

With reference to the first aspect and the foregoing
implementation manners, 1n a seventh implementation man-
ner of the first aspect, the comparison reference circuit
includes a tlip-flop.

With reference to the first aspect and the foregoing
implementation manners, in an eighth implementation man-
ner of the first aspect, the at least one comparison branch
circuit includes a tlip-tlop.

With reference to the first aspect and the foregoing
implementation manners, in a ninth implementation manner
of the first aspect, the working performance of the chip at the
current working voltage includes: the current working volt-
age being excessively high, the current working voltage
being excessively low, or the current working voltage suit-
able for normal working.

According to a second aspect, a chip i1s provided, where
the chip mncludes any one of the foregoing adaptive voltage
scaling circuits.

Based on the foregoing technical solutions, in the embodi-
ments ol the present invention, the performance classifica-
tion momtor 1s disposed 1nside the chip, so as to detect the
working performance of the chip at diflerent working volt-
ages 1n real time. Then, the adaptive controller adjusts the
working voltage of the chip according to a detection result
output by the performance classification monitor. In this
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way, the working voltage of the chip may be automatically
adjusted, so as to control the chip to work at a relatively low
voltage under a premise of meeting a working performance
requirement, thereby reducing chip power consumption.

Further, according to the embodiments of the present
invention, the working performance of the chip 1s detected
by the performance classification momtor disposed inside
the chip to determine the working voltage of the chip,
instead of performing determining by testing a great number
of chips, thereby reducing workload and omitting a time-
consuming test procedure.

BRIEF DESCRIPTION OF DRAWINGS

To describe the technical solutions in the embodiments of
the present invention more clearly, the following briefly
introduces the accompanying drawings required for describ-
ing the embodiments of the present invention. Apparently,
the accompanying drawings in the following description
show merely some embodiments of the present invention,
and a person of ordinary skill 1in the art may still derive other
drawings from these accompanying drawings without cre-
ative eflorts.

FIG. 1 1s a schematic block diagram of an adaptive
voltage scaling circuit according to an embodiment of the
present 1nvention;

FIG. 2 1s a schematic block diagram of a performance
classification monitor according to an embodiment of the
present 1nvention;

FIG. 3 1s a schematic block diagram of an adaptive
controller according to an embodiment of the present inven-
tion;

FIG. 4 1s a schematic block diagram of a performance
classification monitor according to another embodiment of
the present mvention;

FIG. 5 1s a schematic block diagram of a performance
classification monitor according to another embodiment of
the present mnvention;

FIG. 6 1s a schematic block diagram of a delay circuit
according to an embodiment of the present invention;

FIG. 7 1s a schematic block diagram of a delay circuit
according to another embodiment of the present invention;
and

FIG. 8 1s a schematic block diagram of a delay circuit
according to another embodiment of the present invention.

DESCRIPTION OF EMBODIMENTS

The following clearly describes the technical solutions 1n
the embodiments of the present invention with reference to
the accompanying drawings in the embodiments of the
present invention. Apparently, the described embodiments
are a part rather than all of the embodiments of the present
invention. All other embodiments obtained by a person of
ordinary skill in the art based on the embodiments of the
present invention without creative eflorts shall fall within
the protection scope of the present invention.

FIG. 1 1s a schematic block diagram of an adaptive
voltage scaling circuit according to an embodiment of the
present invention. As shown 1n FIG. 1, an adaptive voltage
scaling circuit 10 includes a performance classification
monitor 110 and an adaptive controller 120.

The performance classification momtor 110 1s disposed
inside a chip, and 1s configured to detect working perfor-
mance of the chip at a current working voltage, and output
a detection result signal to the adaptive controller.
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For example, the working performance reflects at least
one of the following: whether working of the chip at the
current working voltage meets a preset requirement (that 1s,
whether the current working voltage 1s excessively low),
whether the current working voltage 1s excessively high, or
whether the current working voltage 1s suitable for working,
of the chip, that 1s, the current working voltage 1s not
excessively high or excessively low, and can be suitable for
normal working.

The adaptive controller 120 1s connected to the perfor-
mance classification monitor, and 1s configured to output a
control signal to a power management module of the chip
according to the detection result signal output by the per-
formance classification monitor, where the control signal 1s
used to control the power management module to adjust a
working voltage of the chip.

FIG. 2 1s a schematic block diagram of a performance
classification monitor according to an embodiment of the
present 1nvention. As shown i FIG. 2, a performance
classification momitor 110 includes a source signal generat-
ing circuit 111, a comparison reference circuit 112, at least
one delay circuit 113, at least one comparison branch circuit
114, and at least one comparison detection circuit 115.

The source signal generating circuit 111 1s configured to
provide a source signal for the performance classification
monitor.

The comparison reference circuit 112 1s configured to
output a reference signal according to the source signal.

The at least one delay circuit 113 1s configured to perform
delay processing on the source signal to obtain a delayed
source signal.

The at least one comparison branch circuit 114 1s config-
ured to output a comparison signal according to the delayed
source signal.

The at least one comparison detection circuit 1135 1s
configured to output a detection result signal according to
the reference signal and the comparison signal.

Based on the foregoing technical solution, in the embodi-
ment of the present invention, the performance classification
monitor 1s disposed inside a chip, so as to detect working,
performance of the chip at different working voltages 1n real
time. Then, the adaptive controller adjusts a working voltage
of the chip according to a detection result output by the
performance classification monitor. In this way, the working
voltage of the chip may be automatically adjusted, so as to
control the chip to work at a relatively low voltage under a
premise ol meeting a working performance requirement,
thereby reducing chip power consumption.

Further, according to the embodiment of the present
invention, the working performance of the chip 1s detected
by the performance classification momitor disposed inside
the chip to determine the working voltage of the chip,
instead of performing determiming by testing a great number
of chips, thereby reducing workload and omitting a time-
consuming test procedure.

It should be understood that a position of the adaptive
controller 1s not limited 1n the embodiment of the present
invention. For example, the adaptive controller may be
disposed inside the chip, or may be disposed outside the
chup.

It should also be understood that when the performance
classification monitor detects the working performance of
the chip at a current working voltage, a detection result may
also be aflected by a current temperature of the chip. In other
words, the detection result signal can better retlect an
individual difference of each chip. In this way, when the
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working voltage of the chip 1s adjusted according to the
detection result signal, higher accuracy and adjustment
elliciency are achieved.

FIG. 3 1s a schematic block diagram of an adaptive
controller according to an embodiment of the present inven-
tion.

Optionally, as another embodiment, an adaptive controller
120 includes a configuration circuit 121 and a control circuit
122.

The configuration circuit 121 1s configured to generate a
configuration signal and output the configuration signal to a
performance classification monitor, where the configuration
signal 1s configured to set a delay chain of the performance
classification monitor. The delay chain, under an effect of the
configuration signal, enables the detection result signal to
track working performance of the chip at a current working
voltage.

The control circuit 122 1s configured to output a control
signal to a power management module of the chip according
to the detection result signal output by the performance
classification monaitor.

For example, the configuration circuit 121 1s connected to
a delay circuit 113 1n a performance classification monitor
110, and outputs a configuration signal to the delay circuit
113, so as to configure a delay chain of the delay circuit. The
control circuit 122 1s connected to a comparison detection
circuit 115 1n the performance classification monitor 110,
and outputs a control signal to the power management
module of the chip according to a detection result signal
output by the comparison detection circuit 115, so as to
control a working voltage of the chip.

FIG. 4 1s a schematic block diagram of a performance
classification monitor according to another embodiment of
the present invention.

As shown 1n FIG. 4, optionally, as another embodiment,
at least one delay circuit includes a first delay circuit 403 and
a second delay circuit 404, at least one comparison branch
circuit mcludes a first comparison branch circuit 405 and a
second comparison branch circuit 406, and at least one
comparison detection circuit includes a first comparison
detection circuit 407 and a second comparison detection
circuit 408.

An 1nput end of a source signal generating circuit 401, a
first input end of a comparison reference circuit 402, a first
input end of the first comparison branch circuit 405, and a
first input end of the second comparison branch circuit 406
separately receive a clock signal CLK as a drive.

A configuration signal includes a first configuration signal
PRI_SEL and a second configuration signal AUX_SEL,
where a first output end of a configuration circuit 1s con-
nected to a first input end of the first delay circuit 403 and
provides the first configuration signal PRI_SEL, and a
second output end of the configuration circuit 1s connected
to a first input end of the second delay circuit 404 and
provides the second configuration signal AUX_SEL.

An output end of the source signal generating circuit 401
1s configured to provide a source signal, and 1s separately
connected to a second 1mput end of the comparison reference
circuit 402, a second input end of the first delay circuit 403,
and a second mput end of the second delay circuit 404.

An output end of the first delay circuit 403 1s connected
to a second mput end of the first comparison branch circuit
405, and an output end of the second delay circuit 404 is
connected to a second 1mput end of the second comparison
branch circuit 406.

An output end of the comparison reference circuit 402 1s
configured to provide a reference signal, and is separately
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connected to a first input end of the first comparison detec-
tion circuit 407 and a first input end of the second compari-
son detection circuit 408, an output end of the first com-
parison branch circuit 405 1s connected to a second 1nput end
of the first comparison detection circuit 407, and an output
end of the second comparison branch circuit 406 1s con-
nected to a second mput end of the second comparison
detection circuit 408.

An output end of the first comparison detection circuit
407 and an output end of the second comparison detection
circuit 408 are separately connected to an input end of a
control circuit, and are configured to provide a detection
result signal.

A BPM-EN signal 1s an enabling signal.

A first output end of a configuration circuit 121 outputs a
PRI_SEL signal to the first delay circuit 403, so as to
configure a delay chain of the first delay circuit 403. A
second output end of the configuration circuit 121 outputs an
AUX_SEL signal to the second delay circuit 404, so as to
configure a delay chain of the second delay circuit 404.
Specifically, the first configuration signal PRI_SEL and the
second configuration signal AUX_SEL may be determined
by checking a static time sequence when a chip 1s taped out,
analyzing an internal resistance drop IRDrop of the chip, and
combining aging characteristics of a chip technology and
other data. In this way, the first configuration signal
PRI_SEL and the second configuration signal AUX_ SEL
form a window, so as to detect whether working pertor-
mance of the chip at a current working voltage encounters an
exception, for example, the voltage being normal, or the
voltage being excessively low or excessively high.

The first configuration signal PRI_SEL corresponds to a
detection result signal PRI_RPT, and the second configura-
tion signal AUX_SEL corresponds to a detection result
signal AUX_RPT. For example, meanings represented by
the detection result signals are shown 1n Table 1.

TABL

T

1

Chip working

state PRI RPT AUX_RPT Explanation
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in a memory. The configuration circuit 121 obtains, by
searching the value table 1n the memory, a corrected value
that 1s obtained aifter the onginal AUX_SEL value or
PRI_SEL value that 1s configured unreasonably 1s corrected,
and sends the corrected value as a new AUX_ SEIL value or
PRI_SEL value to the performance classification monitor
110.

In another implementation manner, the configuration cir-
cuit 121 1s configured by a person skilled 1n the art, so that
the configuration circuit 121 obtains an AUX_SEL value or
PRI_SEL value in response to the configuration of the
person skilled 1n the art, and sends the AUX_SEL value or
PRI_SEL value to the performance classification monitor
110, so as to eflectively control a delay circuit 113 in the
performance classification monitor 110. The person skilled
in the art may specifically configure the configuration circuit
121 according to experience or a real chip test result, so that
the configuration circuit 121 generates an appropriate AUX _
SEL value or PRI SEL value. After the AUX SEL value or
PRI_SEL value changes, a correspondence between the
working performance and the detection result signal
PRI_RPT and/or AUX_RPT also changes. That 1s, the
configuration signal i1s configured to adjust the detection
result signal of the performance classification monitor, so
that the detection result signal accurately reflects or tracks
the working performance of the chip at the current working
voltage, and a probability of errors (which cannot accurately
reflect the performance of the chip at the current voltage) in
the detection result signal 1s reduced. For example, when
PRI_RPT and AUX_RPT indicate normal voltage working
performance; however, actually the current working voltage
cannot meet a preset requirement, the person (operation
personnel) skilled in the art needs to change the AUX_SEL
value or the PRI_SEL value by configuring the configuration
circuit 121, so as to change performance of the delay circuit

113, so that when PRI _RPT and AUX_ RPT indicate normal

A high AUX_RPT output represents a relatively large circuit
delay, and a low PRI__RPT output represents a normal circuit

delay, and in this case, a power supply voltage 1s maintained.

Normal 0 1
voltage
Excessively 0 0 A

high voltage

low AUX__RPT output represents a normal circuit delay, and
a low PRI__RPT output represents a normal circuit delay, and in

this case, a power supply voltage may be decreased.

Excessively 1 1
low voltage

A high AUX_RPT output represents a relatively large circuit
delay, and a high PRI RPT output represents a relatively large

circuit delay, and in this case, a power supply voltage needs to

be increased.
Abnormal 1 0
configuration

A low AUX_RPT output represents a normal circuit delay, and
a high PRI__RPT output represents a relatively large circuit

delay, indicating that an AUX__ SEL configuration causes the
comparison branch circuit 406 to enter a sub-stable state at the
voltage and a power supply voltage needs to be increased, and
that the AUX__SEL configuration i1s not reasonable enough.

In this way, a control circuit 122 outputs a control signal
to a power management module of the chip according to the

detection result signals AUX_RPT and PRI_RPT, so as to
increase or decrease a working voltage of the chip.

When an AUX_SEL configuration 1s not reasonable, the
configuration circuit 121 needs to reconfigure AUX_SEL (or
reconiigure a value of PRI_SEL at the same time). Specifi-
cally, the configuration circuit 121 may search a preset value
table by using an original AUX_SEL value or PRI_SEL
value that 1s configured unreasonably, and correct a value of

AUX_SEL or PRI_SEL. The value table may be prestored

60
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voltage working performance, the current voltage of the chip

can meet a requirement indeed. Alternatively, when
PRI_RPT and AUX_RPT indicate normal voltage working

performance; however, actually the current working voltage

1s excessively high, and extra electricity 1s consumed, the
person skilled i the art (operation personnel) needs to
change the AUX_SFEL value or the PRI_SEL value by
configuring the configuration circuit 121, so as to change

performance of the delay circuit 113, so that when the
PRI_RPT and the AUX_RPT indicate normal voltage work-
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ing performance, the current voltage of the chip returns to a
reasonable level, and an over design does not exist.

In the embodiment of the present invention, a responding,
speed of the performance classification monitor 1s fast, and
monitoring accuracy 1s not aflected.

FIG. 5 1s a schematic block diagram of a performance
classification monitor according to another embodiment of
the present 1mnvention.

As shown 1n FIG. 5, optionally, as another embodiment,
at least one delay circuit 1s a delay circuit 503, at least one
comparison branch circuit 1s a comparison branch circuit
504, and at least one comparison detection circuit 1s a
comparison detection circuit 505.

An mput end of a source signal generating circuit 501, a
first input end of a comparison reference circuit 502, and a
first input end of the comparison branch circuit 504 sepa-
rately receive a clock signal CLK as a drive.

A configuration signal includes a first configuration signal
PRI_SEL, and a first output end of a configuration circuit 1s
connected to a first mput end of the delay circuit 503 and
provides the first configuration signal PRI_SEL.

An output end of the source signal generating circuit 501
1s configured to provide a source signal, and 1s separately
connected to a second mnput end of the comparison reference
circuit 502 and a second mput end of the delay circuit 503.

An output end of the delay circuit 503 1s connected to a
second 1put end of the comparison branch circuit 504.

An output end of the comparison reference circuit 502 1s
configured to provide a reference signal, and 1s connected to
a first input end of the comparison detection circuit 505, and
an output end of the comparison branch circuit 504 is
connected to a second input end of the comparison detection
circuit 503.

An output end of the comparison detection circuit 505 1s
connected to an input end of a control circuit, and 1is
configured to provide a detection result signal.

A BPM-EN signal 1s an enabling signal. An output end of
a configuration circuit 121 outputs a PRI_SEL signal to the
delay circuit 503, so as to configure a delay chain of the
delay circuit 503. Specifically, the configuration signal
PRI_SEL may be determined by checking a static time
sequence when a chip 1s taped out, analyzing an internal
resistance drop IRDrop of the chip, and combiming aging
characteristics of a chip technology and other data.

The comparison detection circuit 305 outputs a detection
result signal PRI_RPT. For example, a low detection result
signal PRI_RPT output represents a normal circuit delay,
and a power supply voltage 1s maintained. A high PRI_RPT
output represents a relatively large circuit delay, and a power
supply voltage needs to be increased. In this case, the control
circuit 122 outputs a control signal to a power management
module of the chip according to the detection result signal
PRI_RPT, so as to increase a working voltage of the chip.

Optionally, as another embodiment, there are multiple
performance classification monitors 110, which are evenly
disposed inside the chip.

In this way, a working performance of the chip at a current
working voltage may be detected more accurately, thereby
turther 1mproving accuracy and eflectiveness of adaptive
voltage control.

Optionally, as another embodiment, the comparison
detection circuit includes an exclusive OR gate logic circuat.

It should be understood that the exclusive OR gate logic
circuit constructed by using an AND gate and a NOT gate,
or other equivalent exchange forms shall fall within the
protection scope of the embodiment of the present invention.
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Optionally, as another embodiment, the source signal
generating circuit includes a tlip-tlop, the comparison ret-
erence circuit includes a flip-flop, and the at least one
comparison branch circuit includes a thip-tlop.

Optionally, as another embodiment, the working perfor-
mance of the chip at the current working voltage includes:
the current working voltage being excessively high, the
current working voltage being excessively low, or the cur-
rent voltage suitable for normal working.

FIG. 6 1s a schematic block diagram of a delay circuit
according to an embodiment of the present invention.

As shown 1 FIG. 6, the delay circuit performs selection
on a delay path or a direct path by using a 2:1 switch MUX.
There are 271 (1 1s a binary code bit) standard delay units D
on each level of delay path, and is represented as D*2"1. For
example, if the delay circuit supports a maximum of 63
levels of standard delay unaits, there 1s 1 standard delay unit

on a delay path at the Oth level of MUX, there are 2 standard

delay units on a delay path at the 1st level of MUX, there are
4 standard delay units on a delay path at the 2nd level of
MUX, there are 8 standard delay units on a delay path at the
3rd level of MUX, there are 16 standard delay units on a
delay path at the 4th level of MUX delay path, there are 32
standard delay units on a delay path at the 3th level of MUX
delay path, and so on, where a mux-sel[1] signal 1s used to

control on and off of the i1th 2:1 switch MUX.

The foregoing implementation manner has advantages
such as using a small quantity of MUX units, and not
requiring a decoding operation. For example, 1f 25 standard

delay units are required, and a code 1s 011001, only delay
paths at the Oth/3rd/4th level of MUX need to be selected.

FIG. 7 1s a schematic block diagram of a delay circuit
according to another embodiment of the present invention.

As shown 1 FIG. 7, the delay circuit performs selection
on a delay path or a direct path by using a 2:1 switch MUX.
There 1s a standard delay unit D at each level of delay path.
A decoder first performs decoding on a required delay range
mux-sel, and correspondingly generates a signal mux-sel[i]
for controlling the MUX switch, where the mux-sel[1] signal
1s used to control on and off of the ith 2:1 switch MUX.

FIG. 8 1s a schematic block diagram of a delay circuit
according to another embodiment of the present invention.

As shown 1n FIG. 8, the delay circuit performs selection
on a delay path or a direct path by using a 2:1 switch MUX.
There 1s a NAND gate logic unit at each level of delay path.
The decoder first performs decoding on a required delay
range mux-sel, and correspondingly generates a signal nor-
sel[1] for controlling the NAND gate and a signal mux-sel[i]
for controlling the 2:1 switch.

An embodiment of the present invention further provides
a chip, where the chip includes any one of the foregoing
adaptive voltage scaling circuits, or the chip includes any
one of the foregoing performance classification monitors.

In the several embodiments provided 1n the present appli-
cation, i1t should be understood that the disclosed system,
apparatus, and method may be implemented 1n other man-
ners. For example, the described apparatus embodiment 1s
merely exemplary. For example, the unit division 1s merely
logical function division and may be other division in actual
implementation. For example, a plurality of units or com-
ponents may be combined or integrated into another system,
or some features may be 1gnored or not performed. In
addition, the displayed or discussed mutual couplings or
direct couplings or communication connections may be
implemented through some interfaces. The indirect cou-
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plings or communication connections between the appara-
tuses or units may be implemented 1n electronic, mechani-
cal, or other forms.

The units described as separate parts may or may not be
physically separate, and parts displayed as units may or may
not be physical units, may be located 1n a position, or may
be distributed on a plurality of network units. A part or all
of the units may be selected according to actual needs to
achieve the objectives of the solutions of the embodiments
of the present invention.

In addition, functional units in the embodiments of the
present invention may be integrated 1nto a processing unit,
or each of the units may exist alone physically, or two or
more units are integrated into one unit. The integrated unit
may be mmplemented 1n a form of hardware, or may be
implemented 1n a form of a soiftware functional unait.

The foregoing descriptions are merely specific embodi-
ments of the present invention, but are not intended to limit
the protection scope of the present invention. Any modifi-
cation or replacement readily figured out by a person skilled
in the art within the technical scope disclosed 1n the present
invention shall fall within the protection scope of the present
invention. Therefore, the protection scope of the present
invention shall be subject to the protection scope of the
claims.

What 1s claimed 1s:

1. An adaptive voltage scaling circuit comprising;:

a performance classification monitor disposed inside a
chip and configured to detect working performance of
the chip at a current working voltage; and

an adaptive controller for receiving a detection result
signal from the performance classification monitor;

wherein the performance classification monitor comprises
a source signal generating circuit, a comparison refer-
ence circuit, at least first and second delay circuits, at
least first and second comparison branch circuits and at
least first and second comparison detection circuits; and
the adaptive controller comprises a configuration cir-
cuit:

wherein an input end of the source signal generating
circuit and first input ends of the comparison reference
circuit, the first comparison branch circuit and the
second comparison branch circuit each recerves a clock
signal as a drive;

a first output end of the configuration circuit provides a
first configuration signal connected to a first input end
of the first delay circuit;

a second output end of the configuration circuit provides
a second configuration signal connected to a first input
end of the second delay circuit;

an output end of the source signal generating circuit
configured to provide a source signal and connected to
second 1put ends of the comparison reference circuit
and the first and second delay circuits;

an output end of the first delay circuit connected to a
second 1mnput end of the first comparison branch circuait;

an output end of the second delay circuit connected to a
second mput end of the second comparison branch
circuit;

an output end of the comparison reference circuit config-
ured to provide a reference signal and connected to
cach of first input ends of the first comparison detection
circuit and the second comparison detection circuit;

an output end of the first comparison branch circuit
connected to a second 1nput end of the first comparison
detection circuit, and
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an output end of the second comparison branch circuit
connected to a second mput end of the second com-
parison detection circuit; and

cach of an output ends of the first comparison detection

circuit and the second comparison detection circuit
connected to an iput end of the control circuit and
configured to provide the detection result signal.
2. The adaptive voltage scaling circuit according to claim
1, wherein
the adaptive controller 1s connected to the performance
classification monitor, and 1s configured to output a
control signal to a power management module of the
chip according to the detection result signal output by
the performance classification monitor, wherein the
control signal 1s used to control the power management
module to adjust a working voltage of the chip; and

the source signal generating circuit 1s configured to pro-
vide the source signal for the performance classification
monitor;
the comparison reference circuit 1s configured to output
the reference signal according to the source signal;

the at least one delay circuit 1s configured to perform
delay processing on the source signal to obtain a
delayed source signal;

the at least one comparison branch circuit 1s configured to

output a comparison signal according to the delayed
source signal; and

the at least one comparison detection circuit 1s configured

to output the detection result signal according to the
reference signal and the comparison signal.

3. The adaptive voltage scaling circuit according to claim
2, wherein the adaptive controller further comprises a con-
trol circuit, wherein

the configuration circuit 1s configured to generate the first

configuration signal and the second configuration sig-
nal, wherein the first configuration signal and the
second configuration signal are configured to set a
delay chain of the performance classification monitor;
and

the control circuit 1s configured to output the control

signal to the power management module of the chip
according to the detection result signal output by the
performance classification monitor.

4. The adaptive voltage scaling circuit according to claim
3, wherein the at least one delay circuit 1s a delay circuit, the
at least one comparison branch circuit 1s a comparison
branch circuit, and the at least one comparison detection
circuit 1s a comparison detection circuit, wherein

an iput end of the source signal generating circuit, a first

input end of the comparison reference circuit, and a first
input end of the comparison branch circuit separately
receive a clock signal as a drive;

the configuration signal comprises a first configuration

signal, and a first output end of the configuration circuit
1s connected to a first input end of the delay circuit and
provides the first configuration signal;

an output end of the source signal generating circuit 1s

configured to provide the source signal, and 1s sepa-
rately connected to a second 1nput end of the compari-
son reference circuit and a second mput end of the
delay circuit;

an output end of the delay circuit 1s connected to a second

input end of the comparison branch circuit;

an output end of the comparison reference circuit 1s

configured to provide the reference signal, and 1s con-
nected to a first nput end of the comparison detection
circuit, and an output end of the comparison branch
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circuit 1s connected to a second mput end of the
comparison detection circuit; and

an output end of the comparison detection circuit 1s
connected to an mnput end of the control circuit, and 1s
configured to provide the detection result signal.

5. The adaptive voltage scaling circuit according to claim

1 further comprising the performance classification monitor
among a plurality of performance classification monitors,
and the plurality of performance classification monitors are
evenly disposed inside the chip.

6. The adaptive voltage scaling circuit according to claim
1, wherein the comparison detection circuit comprises an
exclusive OR gate logic circuit.

7. The adaptive voltage scaling circuit according to claim
1, wherein the source signal generating circuit comprises a
tlip-tlop.

8. The adaptive voltage scaling circuit according to claim
1, wherein the comparison reference circuit comprises a
thip-flop.

9. The adaptive voltage scaling circuit according to claim
1, wherein the at least one comparison branch circuit com-
prises a tlip-tlop.

10. The adaptive voltage scaling circuit according to
claim 1, wherein the working performance of the chip at the
current working voltage comprises: the current working
voltage being excessively high, the current working voltage
being excessively low, or the current working voltage suit-
able for normal working.

11. A chip, wherein the chip comprises an adaptive
voltage scaling circuit, wherein the adaptive voltage scaling
circuit comprises:

a performance classification monitor disposed inside a
chip and configured to detect working performance of
the chip at a current working voltage; and

an adaptive controller for receiving a detection result
signal from the performance classification monitor;

wherein the performance classification monitor comprises
a source signal generating circuit, a comparison refer-
ence circuit, at least first and second delay circuits, at
least first and second comparison branch circuits and at
least first and second comparison detection circuits; and
the adaptive controller comprises a configuration cir-
cuit:

wherein an input end of the source signal generating
circuit and first input ends of the comparison reference
circuit, the first comparison branch circuit and the
second comparison branch circuit each receives a clock
signal as a drive;

a first output end of the configuration circuit provides a
first configuration signal connected to a first input end
of the first delay circuit;

a second output end of the configuration circuit provides
a second configuration signal connected to a first input
end of the second delay circuit;

an output end of the source signal generating circuit
configured to provide a source signal and connected to
second 1put ends of the comparison reference circuit
and the first and second delay circuits;

an output end of the first delay circuit connected to a
second mput end of the first comparison branch circuait;

an output end of the second delay circuit connected to a
second mput end of the second comparison branch
circuit;

an output end of the comparison reference circuit config-
ured to provide a reference signal and connected to
cach of first input ends of the first comparison detection
circuit and the second comparison detection circuit;
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an output end of the first comparison branch circuit
connected to a second input end of the first comparison
detection circuit, and

an output end of the second comparison branch circuit

connected to a second input end of the second com-
parison detection circuit; and

cach of an output ends of the first comparison detection

circuit and the second comparison detection circuit
connected to an input end of the control circuit and
configured to provide the detection result signal.
12. The chip according to claim 11, wherein
the adaptive controller 1s connected to the performance
classification monitor, and 1s configured to output a
control signal to a power management module of the
chip according to the detection result signal output by
the performance classification monitor, wherein the
control signal 1s used to control the power management
module to adjust a working voltage of the chip; and

the source signal generating circuit 1s configured to pro-
vide the source signal for the performance classification
monitor;
the comparison reference circuit 1s configured to output
the reference signal according to the source signal;

the at least one delay circuit 1s configured to perform
delay processing on the source signal to obtain a
delayed source signal;

the at least one comparison branch circuit 1s configured to

output a comparison signal according to the delayed
source signal; and

the at least one comparison detection circuit 1s configured

to output the detection result signal according to the
reference signal and the comparison signal.

13. The chip according to claim 12, wherein the adaptive
controller further comprises a control circuit, wherein

the configuration circuit 1s configured to generate the first

configuration signal and the second configuration sig-
nal, wherein the first configuration signal and the
second configuration signal are configured to set a
delay chain of the performance classification monitor;
and

the control circuit 1s configured to output the control

signal to the power management module of the chip
according to the detection result signal output by the
performance classification monitor.

14. The chip according to claim 13, wherein the at least
one delay circuit 1s a delay circuit, the at least one compari-
son branch circuit 1s a comparison branch circuit, and the at
least one comparison detection circuit 1s a comparison
detection circuit, wherein

an iput end of the source signal generating circuit, a first

input end of the comparison reference circuit, and a first
input end of the comparison branch circuit separately
receive a clock signal as a drive;

the configuration signal comprises a first configuration

signal, and a first output end of the configuration circuit
1s connected to a first input end of the delay circuit and
provides the first configuration signal;

an output end of the source signal generating circuit 1s

configured to provide the source signal, and 1s sepa-
rately connected to a second 1nput end of the compari-
son reference circuit and a second mput end of the
delay circuit;

an output end of the delay circuit 1s connected to a second

input end of the comparison branch circuit;

an output end of the comparison reference circuit 1s

configured to provide the reference signal, and 1s con-
nected to a first nput end of the comparison detection
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circuit, and an output end of the comparison branch
circuit 1s connected to a second mmput end of the
comparison detection circuit; and

an output end of the comparison detection circuit 1s

connected to an mput end of the control circuit, and 1s
configured to provide the detection result signal.

15. The chip according to claim 11, wherein the adaptive
voltage scaling circuit comprises the performance classifi-
cation monitor among a plurality of performance classifica-
tion monitors, and the plurality of performance classification
monitors are evenly disposed inside the chip.

16. The chip according to claim 11, wherein the compari-
son detection circuit comprises an exclusive OR gate logic
circuit.

17. The chip according to claim 11, wherein the source
signal generating circuit comprises a tlip-tlop.

18. The chip according to claim 11, wherein the compari-
son reference circuit comprises a tlip-tlop.

19. The chip according to claim 11, wherein the at least
one comparison branch circuit comprises a flip-flop.

20. The chip according to claim 11, wherein the working
performance of the chip at the current working voltage
comprises: the current working voltage being excessively
high, the current working voltage being excessively low, or
the current working voltage suitable for normal working.
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